In recent years the group of arboviruses has been attracting considerable interest as causative agent of emerging and reemerging infectious diseases in humans. The importance of arboviruses for transfusion medicine has been discussed in an earlier publication of this working group [1] . Especially West Nile virus (WNV), a member of the family of Flaviviridae, has been gaining particular attention during the last years. Since its first description in 1940 this pathogen had been assumed to have a broad geographical distribution (Africa, Asia, Middle East, Southern Europe and Australia (with subtype Kunjin virus)), but usually its pathogenicity has been considered to be low or moderate. This perception changed in 1999 when WNV was first detected in the USA, and infections with this virus induced severe human central nervous system disorders, some of them with fatal outcome. This led to a reassessment of previous WNV outbreaks in Europe and an intensification of the epidemiological surveillance. Since then thorough investigations have been addressing the epidemiology and pathogenesis as well as the biological properties of the virus.
Current Knowledge about the Pathogen
WNV is grouped to the arboviruses (arthropod-borne viruses) that are able to propagate both in arthropods (e.g. mosquitoes, ticks) and in vertebrates (e.g. birds and mammals). Such viruses can be transmitted by infected arthropods, especially mosquitoes, during their blood meal on vertebrates. WNV was first isolated in 1937 from the blood of a febrile female patient who was examined in the context of a study of sleeping sickness in the West Nile District of Uganda [2] . After the region where it had first been observed this virus was named West Nile virus. WNV is neurotropic in mice and is a member of the genus Flavivirus within the family of Flaviviridae. The type species of this virus family is the yellow fever virus (YFV; Latin flavus = yellow). There is a close antigenic relationship of WNV to other members of the genus Flavivirus, and WNV is grouped to the Japanese encephalitis Arbeitskreis Blut teins and is infectious like all other positive-strand RNA genomes of viruses (except for retroviruses). Like all eukaryotic mRNA, the 5 -end of the genome has a cap structure which is important for the stability of the mRNA and for the translation onto the ribosome. Unlike cellular mRNA, the viral genome is not polyadenylated at the 3 -end.
The genome encodes a polyprotein with a size of about 3,300 amino acids ( fig. 2) . The first three genes encode the structural proteins: the capsid protein (C), the precursor membrane protein/membrane protein (prM/M) and the envelope protein (E). The structural proteins are necessary for the formation of virus particles, while the seven non-structural proteins are involved in viral replication and assembly of the virus particles. The 5 -and the 3 -ends of the genome are flanked by untranslated regulatory sequences (UTR, untranslated region). Host-cell furin-like proteases are responsible for the cleavage of the polyprotein precursor at the junctions of C/prM, prM/E as well as E/NS1, while the viral NS3 serine protease processes the other viral proteins. NS2B serves as a cofactor for the activity of NS3. The full-length NS3 protein has further enzymatic activities, a 5 -RNA triphosphatase (RTPase), a nucleoside triphosphatase (NTPase), and an ATP-dependent RNA helicase. NS5 encodes the RNA-dependent RNA polymerase as well as an N-7-and a 2'O-methyltransferase (MTase) which are necessary for the methylation of the 5 -RNA cap structure. The multifunctional NS3 protein as well as the NS5 protein represent suitable targets for the development of antiviral drugs [11] . NS1 is secreted in large quantities from infected cells and induces an immune response in infected individuals [12] . The NS1 protein inhibits signalling of the innate immunity, facilitating the spread of the virus in the organism [13] . NS2A is involved in virus assembly.
replicate at an ambient temperature as low as 14 °C, whereas in febrile birds WNV grows at temperatures as high as 45 °C [8, 9] .
WNV is an enveloped virus; its lipid membrane is derived from membranes of the endoplasmic reticulum (ER). The icosahedral virus particle has a diameter of about 50 nm and contains the capsid with a diameter of about 30 nm [10] (fig.  1 ). Like other flaviviruses, the capsid encloses the positivestrand RNA genome with a size of about 11 kb.
In the infected cell the viral genome serves as mRNA for the synthesis of viral structural and non-structural (NS) pro- containing both mature and immature virus particles as well as particles containing both cleaved and uncleaved prM [22] . In infected individuals antibodies against the prM protein are formed which can bind to immature virus particles. Such virus-antibody complexes can enter the cell by Fc receptor-mediated uptake and infect cells [23] . In further studies it was shown that antibodies against prM enable infection not only in vitro but also in vivo, as antibody-opsonized immature virus particles were infectious to mice, causing disease and death of the animals [24] . If and to what extent the immune response against prM determinants influences the course of disease in humans is unclear. Furthermore, it is discussed that formation of immature virus particles could be a strategy of flaviviruses to evade the immune response of the infected host [25] . For the development of efficient prophylactic vaccines it is necessary to understand the role of the different virus-specific proteins in the immune response and in pathogenesis. Phylogenetic analysis of WNV isolates obtained from different species shows that variants of WNV with different pathogenic potential circulate which can be differentiated at the genome level (table 2) .
Of particular interest is the finding that individual WNV isolates differ in their growth properties in cell cultures at higher temperatures (44 °C) [26] . Therefore, it is possible that such changes in growth behavior have an impact on the spread of the pathogen in the arthropod vectors as well as in the reservoir hosts.
Previously it had been assumed that all WNV highly pathogenic for humans and animals could be grouped in the phylogenetic lineage 1. However, in recent years it was reported that WNV lineage 2 isolates from South Africa and from Europe could also induce severe courses of disease in humans and in horses [33] [34] [35] [36] .
An extension of the original classification of WNV into lineages 1 and 2 is being discussed. It was proposed that an isolate (Rabensburg virus, RABV) detected only in mosquitoes (Culex pipiens) at the border of Austria and the Czech Republic [29] should be classified as WNV lineage 3. Furthermore, a WNV isolate from ticks in the Caucasus differs considerably from lineage 1 and 2 viruses and was therefore tentatively classified as lineage 4 [30] . Phylogenetic analysis of complete genome sequences of human and mosquito isolates from India suggests that these isolates, originally classified as lineage 1 clade 1c, might represent WNV lineage 5 [31] . Originally, the Malaysian WNV isolate was grouped as KUNV. However, phylogenetic analysis shows that there are significant sequence differences between the Malaysian isolate and KUNV that justify a classification as WNV lineage 6 [28] .
Furthermore NS2A inhibits activation of the IFN-promoter, while NS4B blocks the IFN response. NS4A modifies the structure of the ER and enables efficient replication of the virus [14, 15] . All structural and NS proteins are required for efficient replication of WNV.
The infectious virus particle contains three structural proteins, the core or capsid protein C, the envelope protein E and the membrane protein M. The outer layer of the virus consists of E proteins which form homodimers. Crystal structure analysis showed that the E protein has three structural domains, like in other flaviviruses. The domain III is involved in cell receptor binding and induces the majority of neutralizing antibodies [16] .
The virus particle attaches to the cell with the viral envelope protein E; the receptors on the cell that are essential for attachment and entry into the cell have not yet been characterized in detail. Depending on the target cell, WNV can use several different cell surface receptors.
After uptake into the cell by receptor-mediated endocytosis, the particles are transported to the endosomes. The acidic environment of the endosome induces a conformation change of the E protein, enabling the fusion of the viral envelope with the membrane of the endosome and the release of the capsid into the cytoplasm [17] . The viral genome serves as mRNA for the synthesis of the viral precursor protein and as template for the synthesis of the negative-strand RNA intermediate that is used by the viral RNA-dependent RNA polymerase for the synthesis of the genomic RNA. After replication of the genome and synthesis of viral proteins, virus particles are assembled, and the maturation of the virions takes place at the membranes of the ER. Mature virus particles are released from the cell by exocytosis [18, 19] . During virus maturation prM is cleaved by a cellular furin-like protease in the ER, resulting in an M protein that is approximately 70 amino acids long and the pr peptide that remains associated with the virus particles in the slightly acidic environment of the cell. After release of the virus particles into the neutral environment the pr peptide dissociates from the virus particles, and a conformational change of the E protein takes place. The mature virus particle contains 90 E homodimers and 180 M protein molecules.
Analyses of the mature virus particles by cryo-electron microscopy showed a relatively smooth surface of the virus particles, which is formed by the 90 anti-parallel E homodimers [10] . Only mature flavivirus particles are infectious [20, 21] . However, it could be shown that cleavage of the prM protein during virus maturation is incomplete and that the virus particles partly express prM determinants on their surface. Thus the released virus particles form a heterogeneous population Arbeitskreis Blut fected persons fall seriously ill with neurological symptoms (meningitis, encephalitis, paresis or paralysis with poliomyelitis-like symptoms (acute flaccid paralysis, AFP), for review articles see [43] [44] [45] ).
The onset of WNV-caused meningitis (WNM) and encephalitis (WNE) is similar to other virus-induced neurological diseases, beginning with fever, headache, neck stiffness, and photophobia. Altered mental status is observed frequently, such as stupor and disorientation right up to coma. Furthermore, poliomyelitis-like symptoms like AFP (West Nile poliomyelitis, WNP) and other neurological symptoms (ataxia, optic neuritis, extrapyramidal symptoms, cranial nerve damage, polyradiculitis, spinal cord inflammation, or seizures) are diagnosed [46, 47] . In previous outbreaks in the USA, Romania, Israel, and Russia (Volgograd) the proportion of fatal outcomes of WNV infections in hospitalized persons with neurological symptoms was between 4 and 14% [48] . Risk factors for a severe course of disease with neurological symptoms are, in addition to age (>50 years), diabetes mellitus, hypertension, liver disease, and immunosuppression as well as genetic host factors [49] .
Long-term sequelae can occur as a result of WNV infection [50] . Even months after clinical recovery, about half of the patients suffering from WNM, WNE, WNP, or WNF complained about health problems such as fatigue and muscle pain, concentration and memory are impaired [50, 51] .
Experimental infection of hamsters showed that WNV can persist in tissues of these animals and that infectious WNV is excreted in the urine. It was also reported that WNV could be detected in the urine of humans during the acute phase [52] . It is discussed controversially whether WNV persists in convalescent patients and whether virus can be excreted in the urine [53, 54] . WNV could be detected in the brain of patients who died during the acute phase of WNV infection, but not in persons who died several months after onset of symptoms. HowFrom a pool of Culex pipiens in Spain, a WNV was isolated that can be phylogenetically differentiated from all WNV sequenced previously and could therefore be assigned to a new lineage 7 [32] . Further studies on the molecular epidemiology of various viruses isolated from humans, animals and arthropods are necessary to obtain information about the pathogenic potential of WNV.
Stability
WNV is thermolabile and, like other flaviviruses, is inactivated rapidly by heat. In serum treated for 30 min at 56 °C, infectious virus was no longer detectable [37] . At low temperatures (4 °C) WNV was stable for more than 96 h, and at 28 °C the titer of the virus decreased by a factor of 10 3 in the same period [38] . In erythrocyte concentrates experimentally contaminated with WNV, infectious virus could be detected after storage for 42 days at low temperature (1-6 °C) [39] . Treatment with detergent or low pH, similar to that used in the production of plasma products, inactivated WNV below the limit of detection [40] .
Infection and Infectious Diseases
Humans are infected by mosquitoes that take their blood meal on both birds and humans. Serological studies have shown that the majority of infections (approximately 80%) remain asymptomatic [41, 42] . After an incubation period of 2-14 days, about 20% of infected individuals develop a selflimiting febrile illness (West Nile fever; WNF), which lasts about 3-6 days. The following clinical symptoms are observed: malaise, headache, eye and muscle pain, nausea, vomiting, diarrhea, anorexia, rash on legs, arms and body, swollen lymph nodes, and fatigue. Predominant are the sudden onset of fever and symptoms of a flu-like infection. Only about 1% of in- [68] . In the following years individual infections and occasionally major outbreaks were confirmed by laboratory tests. During an outbreak in 1957, deaths as a result of WNE were reported for the first time in Israel [69] . A major outbreak occurred at the end of the 1970s / at the beginning of the 1980s [69] . With virological and serological methods the disease-causing viruses were classified as WNV lineage 1.
Starting from the mid-1990s, an increase of cases of WNV disease in humans and horses was being observed in Israel. In 1998, outbreaks of WNV in goose farms were reported in Israel, and at the same time WNV was isolated from storks migrating to the overwintering areas in Africa [68] [69] [70] . Increased surveillance of WNV infections in humans using serological, virological and molecular methods showed neutralizing antibodies against WNV in a high percentage of persons (about 86%) with close contact to diseased geese as well as in persons (about 28%) living in areas preferably visited by migratory birds [68] . In the summer of 2000, more than 250 cases of WNV disease were detected in humans in Israel. The phylogenetic analysis showed that two different WNV variants were responsible for the outbreak, which were either closely related to isolates from Israeli and American birds from 1999 or with Romanian isolates from 1997 [69] . Seroepidemiological studies revealed that a seroprevalence of about 50% was determined in humans in the same region where cases of WNV disease occurred, showing that a large number of asymptomatic infections in humans have been taking place [69] . Ongoing studies of patients with neuro-invasive disease and serological investigations of persons of different age groups imply that WNV is endemic in Israel [69, 71, 72] .
A high prevalence was also observed in Egypt in the 1950s. Recent studies showed a seroprevalence in humans of 24% [73] . The detection of seroconversion in humans and sentinel chickens provides evidence that WNV is endemic in Egypt.
Severe courses of disease in humans and horses have been reported from the western Mediterranean region in the 1990s [74, 75] : Algeria (1994, about 50 patients with encephalitis), ever, persistence of WNV for months could be determined in a patient with meningoencephalitis suffering from B-cell lymphoma as well as in patients with therapy-related immunosuppression [55] .
Immunocompromised patients have a higher risk of a more severe course of disease. Approximately 40-60% of immunosuppressed transplant patients developed a severe neurological disease as a result of WNV infection, regardless of whether the infection had been acquired with the organ, by transfusion, or by mosquito bite [56] [57] [58] [59] . For these patients, the risk of developing a severe course of disease is about 40-60 times higher than for the general population.
Both viral and host factors play an important role for the course of the disease. The host innate immunity is of great importance for the control of pathogens. In the infected organism various chemokines and chemokine receptors are involved in controlling the pathogen [49] . Persons who have a deletion in the gene encoding the chemokine receptor 5 (CCR5 32) and thus have a loss of the CCR5 function, develop severe symptoms after WNV infection [60, 61] . Furthermore, mouse experiments emphasize that CCR5 is necessary for an effective immune response against WNV and other flaviviruses [62] . This is in contrast to infection with HIV, where CCR5 serves as a major coreceptor for HIV, and persons with CCR5 32 are protected against infection with M-tropic HIV-1 [63] . It is yet unknown whether CCR5 antagonists, used as therapeutic drugs against HIV replication, influence an infection with WNV [64] .
The European Centre for Disease Prevention and Control (ECDC) developed case definitions that define general criteria for the diagnosis of infectious diseases and their pathogens including WNV (http://ec.europa.eu/health/ph_threats/com/ docs/1589_2008_en.pdf).
Epidemiology
After its first description in 1940, it had long been believed that WNV circulating in Africa, Asia, and Australia generally cause asymptomatic infections or diseases with mild symptoms [5] . However, since the mid-1990s researchers have been reporting outbreaks associated with severe neurological diseases in Europe (Romania and Russia) and Israel [27, 65] . WNV achieved particular importance when it was isolated in New York in 1999 for the first time from diseased birds and humans. Starting in New York, WNV has spread across the USA and southern Canada within 3 years [53] . In subsequent years, WNV was then demonstrated in the Caribbean as well as in Central and South America [53] . The epidemic in the USA was characterized by severe courses of disease in humans and horses and a high mortality in birds, especially in crows (for maps showing the dynamic of virus spread see: www.cdc.gov/ ncidod/dvbid/westnile/index.htm). Today WNV is endemic in the Americas from Canada to Argentina [48, 66] . Morocco (1996, 100 ill horses) and Tunisia (approximately 170 patients with encephalitis or meningoencephalitis). All isolates obtained from humans and horses in the western Mediterranean region since 1996 are closely related and regarded as a cluster of WNV lineage 1a. The close relationship of the isolates suggests that WNV was probably introduced into this region only once and became endemic [27, 75] .
In Europe, sporadic cases of disease in horses and humans were observed occasionally in France, Portugal, Spain, Italy, Czech Republic, Romania, and Hungary ( fig. 3) 
aspx).
Horses were diagnosed with WNV in southern France (Camargue) as early as 1962, but no human infections were reported. Sporadic cases of WNV infection in humans and isolated from a stork migrating to the wintering grounds in Africa, it might be hypothesized that the stork had been infected on its flight from the breeding grounds in Eastern Europe and that this WNV variant was endemic in these areas [27, 93] . In recent years southern Russia has been reporting diseases caused by WNV more frequently (Volgograd region, Rostov, Astrakhan, Voronezh, and the Republic of Kalmykia) ([71] ; http://ecdc.europa.eu/en/healthtopics/west_nile_fever/ West-Nile-fever-maps/Pages/index.aspx). Summarizing the epidemiological data, it can be assumed that WNV is circulating in southern Russia and is especially endemic in the Volga delta. The different, genetically distinct WNV isolates from this region can be grouped to lineage 1a [27, 93] . To what extent this region is also the starting point for the spread of WNV by migratory birds has not been studied in detail so far.
WNV Lineage 2 in Europe
Previously it had been assumed that WNV lineage 2 viruses circulated only in central and southern Africa and Madagascar, causing only mild diseases in vertebrates. Thus it was unexpected when WNV lineage 2 was isolated in South Africa not only from birds but also from horses with neurological symptoms as well as from birds in Hungary and Austria [29, 33, 79, 94] . According to the present state of knowledge, diseases in humans and horses in Europe are not only caused by WNV lineage 1 (clade 1a), but also by WNV lineage 2. Phylogenetic investigations showed that outbreaks observed in Russia, Romania, and Greece in 2007 and 2010 and in Italy in 2011 were caused by lineage 2 WNV [36, 88, [95] [96] [97] . Patients showing neurological symptoms were reported in South Africa during the same period [34] .
The invasion of WNV lineage 2 into Europe and the change of the pathogenic potential for birds, horses, and humans show that WNV is subject to continuing evolution and selection. Further investigations are needed to answer the question to what extent the increase in prevalence of WNV in the Mediterranean region, and also in Romania, Russia, Austria, Hungary and the Czech Republic, can be explained by genetic changes in the viral genome, resulting in a preferential reproduction of the pathogen in local vectors or in birds. [98, 99] . In Switzerland, a WNV infection imported from Egypt was diagnosed, horses in this region were then diagnosed in the following years [6] .
Imported WNV Infections and Knowledge about Infections in Germany
The first major WNV outbreak in Europe with 17 deaths was observed in Romania in 1996. Laboratory tests confirmed WNV infection in 393 of 835 hospitalized patients with neurological symptoms [76] . In the following years, evidence has been growing that WNV has become endemic in Romania and was responsible for diseases of humans and animals [71, 77] .
The first cases of WNV infections in Italy (Tuscany) were reported in horses in 1998 [78] , but no further WNV activity was observed over a period of 10 years. In August of 2008, a large number of WNV infections in horses were diagnosed in Northern Italy [79] . At the same time WNV was detected in diseased birds (magpies, crows, and pigeons). Again in 2009 infections in horses and in humans were diagnosed in the same northern Italian regions [80, 81] . Further investigations suggested that WNV was also responsible for cases of disease in other regions of Italy [82, 83] . Retrospective studies of patients with neurological symptoms that are compatible with WNV infection indicate that WNV had been circulating in northern Italy before 2008, causing infections in humans [84] . Recently, evidence was published that WNV is also present in blood donors in endemic regions of Italy [83, 85, 86] . The repeated detection of WNV infections in Italy in recent years and the isolation of the virus from mosquitoes suggest that WNV has become endemic in Italy. WNV isolates are closely related to those of other WNV circulating in the western Mediterranean region [27, 65, 83] .
In August of 2010, Greece reported the first cases of WNV disease in humans [36, 87, 88] . For the year 2010 a total of 262 infections were reported [88] , and 69 additional cases were registered by mid-October of 2011 [89] . Seroepidemiological studies conducted in previous years had already indicated that WNV or a closely related virus was circulating in Greece although no WNV cases had been observed [90] . Molecular epidemiological studies suggest that WNV circulating in Greece in 2010/2011 was closely related to WNV lineage 2 found in Hungary, Austria, and Russia as well as in South Africa [36] .
WNV in Russia
Between 1963 and 1993 different WNV were isolated in the European part of Russia and western Siberia from birds, mosquitoes, and ticks. Serological tests in the same regions showed that 0.4-8% of the population were antibody-positive [91, 92] . This suggests that WNV has been endemic in these regions for some time. Although sporadic clinical cases had occurred in humans especially in the Volga delta, WNV infections had not been considered a health problem. In the summer of 1999 increasing numbers of WNV cases were observed in residents of the Volgograd Region (a total of about 1,000 cases, including more than 400 with WNE or WNM) [92] . Sequence analysis showed that the epidemic was caused by a virus closely related to an isolate from Romania detected in 1996 and Israeli isolates from 1999. As one Israeli virus was Arbeitskreis Blut tria in 2002, USUV had only been known to occur in Africa. In the following years USUV became endemic in Austria and in other regions of Europe [3, [112] [113] [114] [115] . Epidemiologically the spread of USUV in Europe parallels the dissemination of WNV after its introduction into the USA. So far it is unclear to what extent nucleic acid testing (NAT) systems for the detection of WNV react with USUV sequences, causing falsepositive results in the NAT [116] .
Birds
Birds are considered to be the reservoir or amplifying host for WNV. Up to now, lethal outcomes of WNV infections have been observed in 326 bird species in the USA (www.cdc. gov/ncidod/dvbid/westnile/birdspecies.htm). It can be assumed that enzootic infection cycles between wild birds and ornithophilic mosquitoes occur in wetlands in temperate zones in Europe. Examples are the Camargue in France, the Po valley in Italy, the Danube plain in Romania, and the Volga delta in Russia. Mosquitoes multiply particularly in warm weather when suitable breeding grounds are available. Therefore, it is not unexpected that there is a relatively high prevalence of WNV-infected birds in these areas.
Infected birds usually develop a viremia which is high enough to infect blood-sucking mosquitoes ( 10 5 /ml blood). It is assumed that WNV is being introduced into Europe by migrating birds which are being infected during migration through WNV-endemic areas of Africa. The sporadic WNV outbreaks in the Mediterranean region can therefore be explained by bird migration and lack of immunity of the native birds [75] . There is increasing evidence that in the past decade WNV have become endemic in various regions of Europe, such as Romania, Italy, Greece, and Russia [27, 75] .
When WNV first started to be spread across the USA, it was observed that a large number of birds died of an acute WNV infection, especially species that are grouped into the family of crows (order of Passeriformes). In contrast, no deaths of birds have been reported in Europe, Africa, and Asia [5, 117] , and the first sporadic cases of death of birds or outbreaks in poultry farms were reported during the mid-1990s [33, 36, 69, 118] . The differences in the course of WNV infections in birds in Europe, Asia, and Africa compared to those in the USA could be explained by the fact that WNV had long been endemic in Africa and Asia, and birds living in these areas had to cope permanently with the pathogen. This may have selected birds with reduced susceptibility to WNV infection. The co-circulation of WNV with varying pathogenicity in endemic areas in Africa could have supported this selection. In contrast to the epidemiological situation in the old WNV-endemic areas, one single highly pathogenic WNV strain was imported to the USA, which is grouped to the lineage 1a and is closely related to highly pathogenic isolates from birds in Israel [93] .
In the USA, the virulence of different WNV isolates and the susceptibility of different bird species were investigated by experimental infection of American birds. It was shown that and most recently a WNV infection was reported of a Dutch citizen returning from Israel [100] . These observations show that travelling in areas where WNV is endemic poses a risk for acquiring a WNV infection. Nothing is known about the estimated number of unreported, asymptomatic infections of persons returning from WNV-endemic areas.
Sera from acutely ill humans or horses were investigated by WNV-specific PCR in Germany in order to get information about potentially unrecognized WNV infections of humans or horses with neurological diseases that are compatible with the case definition for WNV infections [101] . No viral RNA could be detected in any of the investigated cases, indicating that at the time of sampling no unrecognized WNV infections had occurred in Germany.
Further Transmission Routes (Iatrogenic, MotherChild, Transplantation, Occupational Transmission)
In the USA, WNV infections transmitted by blood components were reported for the first time in 2002 [102] . Transmission of WNV by mothers infected with WNV during pregnancy was investigated in the USA. A mother acutely infected with WNV in the 27th week of pregnancy transmitted WNV to the child [103] . To what extent the birth defects in this child were due to the infection is not clear, as in the following years other children born by mothers infected during pregnancy had no apparent defects. Out of 72 infants studied, only 3 children were infected congenitally [104] . Transmission seems to be possible also by breastfeeding, as viral RNA was detected in breast milk and WNV-specific IgM was found in an infant although the child did not develop symptoms [103] .
Also in 2002 the first transmission of WNV by transplanted organs occurred in the USA [105] . Transmission of WNV to recipients of organ transplants was reported from Italy in 2009, while the organ donor showed no sign of infection and no WNV genome could be detected by PCR in the blood of the donor [106] [107] [108] . Donor screening by PCR is performed due to the epidemiological situation in Italy.
Transmission of WNV lineage 2 during autopsy of a horse and a needlestick injury were reported from South Africa. Both persons developed neurological symptoms [34] . In the USA, two WNV lineage 1 infections through needlestick injuries were reported; both individuals developed only mild symptoms. In addition, an infection obtained during handling of infected tissues has been observed in the USA [109] .
Usutu Virus (USUV) Infections
In 2009 the diagnosis of a USUV infection of an immunosuppressed patient who developed encephalitis was unexpected in northern Italy [110] . Like WNV, USUV belongs to the JEV antigen complex and its first occurrence in Europe was reported in dead birds in Austria [111] . In recent years Hungary, Switzerland, Spain, and Italy have been reporting increasing numbers of infections in birds and for the first time also Germany in 2011. Until its first detection in birds in Aus- viremic phase of infection in species such as humans or horses is in general too low to enable the infection of mosquitoes. However, it was shown by experimental infection that some mammalian species like fox squirrels (Sciurus niger) [129] or reptiles such as alligators [130] develop a viremia high enough to infect mosquitoes. In several European countries like France and Italy, WNV infections in horses were considered as the first signs of invasion of the pathogen into these regions [74, 78] . Horses seem to be especially prone to infections with WNV [131] . Approximately 10% of infected animals develop an encephalomyelitis with symptoms such as fever (>40 °C), depression, anorexia, ataxic movements, and a hind leg weakness, which in many cases progress to recumbency with mortality rates of about 50% [131] . But serological studies have shown that the majority of infections are asymptomatic, and in Europe high antibody prevalences are observed in humans in areas where WNV diseases had been detected in horses [77, 132, 133] . Until recently all WNV isolates from horses in Europe could be grouped to lineage 1a; therefore, it was unexpected that a WNV lineage 2 was isolated from horses with neurological symptoms in several regions of Hungary where no WNV disease in horses had been observed previously [35] .
Investigation by PCR of over 100 horses with neurological symptoms in Germany revealed no evidence of infection with WNV [101] .
In the European Union encephalomyelitis in horses is notifiable (nationally to the Friedrich-Loeffler-Institute and to the Animal Disease Notification System (ADNS) of the EU); furthermore, these diseases have to be reported to the World Organization for Animal Health (OIE). The detection of WNV infection in horses should be considered as early warning system and should increase the attention when analyzing neurological diseases in humans.
Importance of Mosquitoes as WNV Vectors
WNV has a natural cycle in ornithophilic mosquitoes (vector) and birds (reservoir or amplifying host). Field studies have shown that WNV can be isolated from a variety of different mosquito species and from ticks [134] [135] [136] [137] [138] . More than 60 mosquito species have been identified that are naturally, or can be experimentally, infected with WNV and must therefore be regarded as potential vectors [139] . Investigations of different mosquito populations suggest that the vector competence of a species may differ depending on time and region [140] . The role of ticks in maintaining the transmission cycle of WNV is discussed controversially. Experimentally infected ticks of the genus Ixodes were unable to transmit WNV to susceptible birds or lizards [141] .
In general, viremic birds are the reservoir, infecting mosquitoes with WNV during blood meals. In this way birds serve as amplifying host and as source for the regional and longdistance dissemination of the infection. Female mosquitoes become infected during blood meals, which they take after some bird species such as crows were highly susceptible to WNV infection with the American NY99 isolate and died, while other species were susceptible to infection and developed viremia, but did not die [119] . In further studies it was shown that crows did not develop disease when they were infected with the Australian Kunjin isolate [120] . However, a decline in virulence of WNV circulating in the USA could be observed [121] .
There are no comprehensive investigations of the course of infection in European sedentary or migratory birds with WNV isolates circulating in Europe. Unlike in the USA, no particular mortality in bird populations has been observed in Europe in parallel with WNV cases of horses and humans. The high seroprevalence in birds in some European regions indicates that WNV is either endemic or migratory birds were infected in their wintering grounds in Africa [3, 33, 65] .
WNV infections were diagnosed in deceased geese and wild birds in Hungary in 2003 [33] . The isolate from geese was closely related to the Israeli and American WNV lineage 1a isolates. WNV lineage 2, which had been found only in South Africa before, was isolated from a hawk in Hungary [33] . In 2008 WNV was detected for the first time in Austria in dead raptors (hawk, gyrfalcon) [122] . Whether these birds had been infected by their prey or by mosquitoes is unclear.
To clarify whether there was a measurable risk that migratory birds introduce WNV into Germany, two comprehensive serological studies of birds in Germany have been performed so far [123, 124] . In both studies neutralizing antibodies against WNV were detected in a low percentage of migratory birds, but there was no evidence that the infections had been acquired in Germany. These results are consistent with studies reporting antibodies against WNV in free-living sedentary and migratory birds in the Czech Republic (Moravia) and Poland [125, 126] .
The detection of WNV in birds as well as horses in Austria and Hungary since about 2003 implies that WNV might also become established in Germany. Therefore, systematic surveillance of dead birds as well as horses and humans with neurological symptoms appears worthwhile. Sentinel birds like chickens or ducks are used in different countries to monitor the circulation of arboviruses that use birds as their reservoir. The animals are maintained under conditions, which enable the transmission of the pathogens by arthropods. Sentinel birds are screened on a regular basis for the development of pathogen-specific antibodies. Chickens can be infected with WNV but show no clinical symptoms. Using such monitoring systems, the spread of WNV could be traced in North America, Italy, Romania, and Egypt [65, 73, 77, 127] . Comparable studies using sentinel birds for the monitoring of virus infection in poultry and other birds in Germany showed no evidence of transmission of WNV in Germany [128] .
Importance of Other Vertebrates
Most mammals are regarded as dead-end hosts for WNV. The number of infectious viral particles present during the egg depends on the mosquito species and the virus strain and is in the range of 1:20 to 1:1,000 [151] [152] [153] .
In various infection experiments it was shown that about 10 5 infectious virus particles/ml of blood are needed to infect a mosquito via a blood meal [119] . The interdependency between various mosquito species and different WNV variants (isolates) appears to be complex and is only partially understood. Experimental infection revealed differences in the susceptibility of various mosquito species as well as in the dose of infectious virus particles necessary to establish a WNV infection in different mosquito species. In other words, after exposure of different mosquito species to the same virus dose the percentage of infected mosquitoes able to transmit can be different [137, 154] . Therefore, it is important to understand the correlation of WNV variants, distribution of susceptible mosquito species as well as landscape and climate factors (temperature, humidity etc.) to assess the risk of WNV becoming endemic in a particular region such as Germany [155] .
Evidence of WNV in European Mosquitoes
In several investigations in Europe it was shown that native mosquito species are infected with WNV or potentially able to transmit virus. WNV belonging to lineages 1 or 2 were isolated from different mosquito species. Furthermore, additional WNV variants have exclusively been found in mosquitoes so far, such as the Rabensburg virus (isolated from Culex pipiens and Aedes rossicus) (table 2). In Europe WNV lineage 1a has been isolated from Culex spp. (pipiens, univittatus, and modestus), Coquillettidia richiardii, Aedes spp. (cantans, caspius, ecrucians, rossicus, and vexans) and Anopheles maculipennis [3, 65] . In Europe, WNV lineage 2 was isolated in Hungary for the first time, later on WNV lineage 2 was detected in Culex pipiens in Greece. Studies of mosquito populations in northern Italy showed that the sequences of the isolates were closely related to those of isolates from birds and humans, which had circulated in the region in previous years [156] . This close relationship between viruses isolated from birds and humans as well as from mosquitoes in consecutive years suggests that WNV has become endemic in this region and is hibernating in the mosquito population [157] .
Since 1991 the German Mosquito Control Association (Kommunale Aktionsgemeinschaft zur Bekämpfung der Schnakenplage Phillipsburg; KAPS) has been investigating the prevalence of different mosquito species in the upper Rhine valley. These studies have shown the prevalence of mosquito species in this region, which are potentially able to transmit WNV between birds, but also from birds to humans or other mammals like horses [158] . So far no WNV-positive mosquitoes were detected [159] . Comparative studies on the distribution of mosquitoes were carried out in other European regions [160] . These studies show that various factors such as climate and temperature changes as well as travel and transportation of goods, especially from southern Europe, having been fertilized by a male, since mosquitoes need vertebrate proteins for egg maturation. One can distinguish ornithophilic mosquito species and those who take their blood meal on birds as well as mammals, and reptiles. These mosquito species are therefore referred to as bridge vectors. Representatives of the genus Culex play a major role worldwide as vector for the infection of vertebrates [139] .
After ingestion of the blood meal, the first virus reproduction takes place in the gut of the mosquito. From there the pathogen spreads throughout the organism and ultimately reaches the salivary glands. Under experimental conditions it was shown that during a blood meal mosquitoes could transmit viruses to animals only when the virus was present in the saliva of mosquitoes. Mosquitoes remain persistently infected for life without showing discernible symptoms. However, ultrastructural studies of mosquitoes that were infected some time ago showed organ and cell changes that could result in a decrease of virus titer and thus reduce the probability of transmission [142] .
Several studies have shown that the development of viremia in the mosquitoes and thus the competence to transmit the pathogen to vertebrates is temperature-dependent [143] . The higher the average ambient temperature after the blood meal, the faster the spread of the pathogen takes place in the mosquito and the more mosquitoes develop the competence to transmit the virus during a subsequent blood meal [8, 144] . After experimentally infecting mosquitoes with WNV and maintaining them at a constant ambient temperature of 30 °C, they transmitted WNV with a higher efficiency to test animals than those maintained at 26 °C [145] . Orally infected mosquitoes, which were kept at an ambient temperature of 26 °C and 30 °C, developed virus titers sufficiently high to enable virus transmission (about 10 7 /mosquito) after 16 and 11 days after infection, respectively. At an average ambient temperature of 18 °C and 14 °C, comparable titers were measured after 22 or 58 days, respectively. In addition, it was demonstrated that the survival of mosquitoes was prolonged at low ambient temperatures. Therefore, there was also an increased likelihood that WNV can be transmitted by hibernating mosquitoes. This hypothesis has been supported by the analysis of overwintering mosquitoes, which were infected either experimentally or naturally [146] [147] [148] .
For different flaviviruses it was shown that, in addition to infecting mosquitoes during the blood meal, virus could also be transmitted vertically to the egg [147, 149] . This was demonstrated both by examining the progeny of experimentally infected mosquitoes as well as by virus isolation from male mosquitoes which must have been infected vertically because males do not take blood meals but rather feed on plant juice [130, 150] . The transovarial transmission of the virus may be important for the maintenance of the infection cycle between mosquitoes and birds, as it has been shown that mosquitoes were infected with WNV during the winter diapause without having taken a blood meal [148] . The transmission rate to the gives serological evidence of an acute WNV infection. About 8 days after onset of symptoms more than 90% of patients have developed WNV-specific IgM antibodies. It was shown that in some patients WNV-specific IgM antibodies were detectable even 1 year later [164] . Therefore, the detection of WNV-specific IgM antibodies alone is not sufficient for the diagnosis of a fresh WNV infection [165, 166] . When sera from the early phase of infection are compared with later sera (for example convalescent sera), an at least fourfold increase of the antibody titer confirms a WNV infection. To rule out the presence of cross-reacting flavivirus-specific antibodies or that false-positive results were obtained, reactive (positive) antibody findings have to be confirmed by other WNV-specific detection methods, especially when they are the results of an enzyme immunoassay, immunofluorescence, or hemagglutination inhibition test. The gold standard for confirmation of WNV-specific antibodies is the plaque-reduction neutralization test (PRNT). The evaluation of laboratory tests for IgM antibodies in sera reactive in antibody screening tests showed that about 72% of the reactive sera in the USA could not be confirmed by PRNT and should therefore be considered as false-positive [167] . It is expected that in regions such as Germany, where WNV is not endemic, antibody screening tests will give a similarly high or even higher number of false-reactive results [168, 169] .
Studies have shown that cross-reactions can occur with other flaviviruses, for example after vaccination against yellow fever, Japanese encephalitis and tick-borne encephalitis, or after infection with other flaviviruses such as DENV, TBEV, JEV or SLEV which was acquired during stays in endemic countries [36, 168, 169] . The differentiation of antibodies against flaviviruses is generally done by PRNT.
A serological differentiation of whether a virus belonging to lineage 1 or lineage 2 has infected humans or animals is not yet possible. Monoclonal antibodies, which were prepared against the Australian WNV isolate KUNV or against a standard WNV were able to differentiate different subgroups of lineage 1 and lineage 2 viruses by ELISA [170] . This indicates that isolates differ in distinct antigenic determinants (epitopes). To what extent such differences might affect the development of vaccines must be investigated.
In general, WNV can only be isolated in cell cultures from blood or cerebrospinal fluid of patients in the early phase of infection. From deceased humans virus can be successfully isolated from a variety of organs. According to the European Directive 2000/54/EC of the European Parliament and the Council of 18 September 2000 on the Protection of Workers from Risks Related to Exposure to Biological Agents at Work (http://europa.eu/legislation_summaries/employment_and_social_ policy/health_hygiene_safety_at_work/em0039_en.htm), virus isolation or work with infectious WNV requires laboratories of biosafety level 3 (BSL3) and can therefore be performed only in specialized laboratories. NAT methods such as polymerase chain reaction (RT-PCR and real-time PCR) or have an impact on the spread of mosquito species previously unknown in Central Europe. A close surveillance of the spread of such mosquito species in Germany and in neighboring countries will enable a better risk assessment regarding the transmission of arboviruses.
Notification Requirements in Europe
, an epidemiological surveillance within the European Community network is to be performed for WNV infections. Presently single cases of WNV disease are not notifiable in Germany according to the Protection against Infection Act (Infektionsschutzgesetz;IfSG). Currently, it is mandatory to report WNV infections in humans as a disease with a severe course in accordance with article 6 (1) clause 5a, as well as an increased incidence of WNV cases in accordance with article 6 (1) clause 5b of the IfSG. In France and Italy further precautionary measures for the control of the spread of WNV have been implemented [162, 163] . Among other things, this includes the detection of WNV in dead birds (grade 1) as well as WNV infections in diseased horses (grade 2) and in diseased humans (grade 3). In the case of WNV infections in humans, appropriate measures to prevent transmission by blood components have to be taken in these countries. In Italy, blood and organ donors are screened for viral genome by PCR in those areas where WNV is circulating [83] . Also in Switzerland WNF cases, the detection of WNV as well as WNV antibodies in humans have to be notified to the authorities. Starting on July 1, 2011, WNV was included into the Swiss Epizootic Disease Act as disease to be under surveillance (www.
admin.ch/ch/d/sr/916_401/index.html).
The ECDC has set up web sites for information on the actual WNV distribution in Europe (http://ecdc.europa.eu/en/ activities/diseaseprogrammes/emerging_and_vector_borne_ diseases/Pages/West_Niles_fever_Risk_Maps.aspx; http://ecdc. europa.eu/en/healthtopics/west_nile_fever/epidemiological_ data/Pages/annual_epidemiological_report.aspx).
Detection Methods and Their Significance
WNV infections can be diagnosed using a variety of different serological methods, genome detection with NAT techniques or direct detection by virus isolation. Commercial tests are available for the serological detection and the analysis of the virus genome; the Food and Drug Administration (FDA) has approved some of the tests in the USA. Commercial WNV-NATs with CE-IVD marking are available in Europe, but it should be mentioned that these tests have mainly been developed for use in the USA. The determination of WNVspecific IgM antibodies in serum or in cerebrospinal fluid 
Definition of Exclusion Criteria
When it became known that WNV could be transmitted through blood products, exclusion criteria for travellers returning from the USA were developed (deferral from donation for 4 weeks after returning from North America in the period from July 1 to November 30; bulletin in the German Federal Gazette ( 
Donor Testing and Significance
Testing of donations with antibody screening tests is not performed and appears not to be justified in Germany because antibody-positive donations give only evidence of a previous infection with WNV. Blood and plasma donations can be tested by PCR for the presence of viral RNA. In contrast to the USA and Canada, various WNV grouped to lineages 1 and 2 are circulating in Europe and are inducing diseases in humans. The selection of suitable tests should ascertain that all known WNV variants are detected with comparable sensitivity and specificity [175, 176] . To what extent viruses which are closely related to WNV but not yet clearly classified have to be included in the development of genome detection systems remains an open question as long as it is not proven that such viruses infect vertebrates or humans.
Donor Interviews
Donors are asked whether they have travelled to tropical regions or had general symptoms of an infection/disease. A stay in North America from July to November and in other areas where WNV is endemic represents a risk of transmission of WNV and causes a deferral from blood donation for at least 4 weeks (see Commission Directive 2004/33/EC).
Donor Information and Counselling
Information and specific advice on WNV infections and prophylaxis can be obtained from infectiological centers or institutes for tropical medicine.
transcription-mediated amplification (TMA) have been shown to be sensitive and specific WNV detection methods. The tests approved in the USA were designed for the detection of isolates circulating in the USA, which are all closely related. However, WNV circulating in Europe, Asia, and Africa are phylogenetically different lineage 1 as well as lineage 2 viruses. Therefore, it has to be shown that tests used for diagnostics contain primers and probes that detect all known isolates with high sensitivity and specificity. The establishment of appropriate primers and probes also enables the differentiation of lineage 1 and 2 viruses [171] . For further characterization of the genome, sequencing of the viral RNA followed by phylogenetic analysis allows the molecular epidemiological classification of isolates and circulating viruses.
Blood and Plasma Donors

Prevalence and Incidence in Donor Populations
Screening of about 24,000 blood donations in Hesse [169] and Austria [172] revealed that antibodies against WNV were detectable only in a few donations. Exploratory studies yielded that 5.9% of the sera were reactive in antibody screening tests, but only four of the reactive sera could be confirmed by PRNT, which corresponds to a rate of 0.03% of the donations examined. No WNV genome sequences could be detected by PCR in any of approximately 10,000 donations [169] .
According to these findings, it can be assumed that in Germany the prevalence of antibody-positive donations is very low and that most probably WNV infections were acquired during travelling in endemic areas.
Immunoglobulin preparations manufactured from plasma donated from German, Austrian or Czech donors in the years 2006-2010 showed a significant rise of antibody titers in 2009 and 2010 [173] , implying an increase in the number of WNV antibody-positive donors. Whether this increase is caused by seroconversion due to infection in the respective countries or whether the donors acquired the infection while travelling in endemic areas cannot be concluded yet. Tests performed by PCR at the Paul-Ehrlich-Institut [169] showed that no WNV genome could be detected in any of the plasma pools (n = 96) prepared from European donors, whereas 32 out of 174 plasma pools produced in 2004 and 2005 from donors in the USA were PCR-positive [169] .
Immunoglobulin preparations produced in the USA were examined for their content of WNV-specific antibodies. A significant increase in neutralizing antibodies was demonstrated in immunoglobulins produced from donations collected in 2002, 3 years after the onset of the WNV epidemic in 1999. As expected, the antibody titers directed against WNV in immunoglobulins increased in the USA in the following years due to the progressive dissemination of the virus [174] . 
Severity and Course of the Disease
Approximately 80% of human infections are asymptomatic. After an incubation period of 2-14 days, about 20% of infected persons develop a self-limiting febrile disease (WWNF) with flu-like symptoms such as malaise, headache, eye and muscle pain, nausea, vomiting, diarrhea, anorexia, and fatigue [41, 42] . One out of 150 infected individuals develops neurological symptoms (meningitis, encephalitis, paralysis or paresis with AFP symptoms; reviewed in [44, 45] ). Approximately 4-10% of hospitalized patients with neurological symptoms died [48] .
Immunosuppressed patients and transplant recipients have an approximately 40-fold higher risk to contract an infection of the brain induced by WNV. Treatment of patients with neurological symptoms with immunoglobulin preparations with high antibody titers against WNV improved the prognosis and may prevent neuroinvasive disease [59, 106] .
Therapy and Prophylaxis
In the absence of a pathogen-specific therapy, the treatment of patients with WNV infection is generally symptomatic using antipyretics and fluid substitution.
Antiviral Drugs
At present there is no WNV-specific antiviral therapy. Because ribavirin inhibits WNV replication in neuron cell cultures [177] , patients in Israel were treated with ribavirin, but unsuccessfully and even possibly worsening the course of the disease [178] . Comparable negative results were observed in the hamster infection model, which showed that ribavirin led to an increased death rate of infected animals [179] . WNVspecific antiviral substances or substances that are effective against other flaviviruses are thoroughly investigated in different working groups [reviewed in 18, 180] . For these studies WNV-infected cell cultures or WNV replicon models are used. The demands on the antiviral compounds are high, as on the one hand they should not interfere with the immune system and on the other hand should cross the blood-brain barrier.
Use of Immunoglobulins
Until now, there were just case reports on the treatment of patients with immunoglobulins. These show that the course of the disease in patients with neurological symptoms improved and that treated patients survived [59, 106, 181] . At present, limited amounts of specific immunoglobulin preparations are available that were produced in Israel from WNV antibodypositive plasma. Depending on the batch, high neutralizing antibody titers were also determined in immunoglobulin preparations produced from US American plasma [174] . The potency of immunoglobulin preparations containing neutral-
Recipients
Prevalence and Incidence of Blood-Associated Infections and Infectious Diseases in Recipient Populations
Currently there is no evidence that WNV infections can be acquired in Germany. In recent years, however, WNV infections in humans have repeatedly been observed in the Mediterranean region (Israel, Italy, Greece, and North Africa), in Romania, Hungary, Russia, and some Central Asian states. These infections were induced by WNV lineage 1 as well as lineage 2. NAT should therefore be performed with test systems detecting all known WNV sequences.
Immune Status (Resistance, Existing Immunity, Immune Response, Age, Exogenous Factors)
In recent years, outbreaks with highly pathogenic WNV variants have been described in the USA and Canada as well as in Israel, Romania, Italy, Greece, and several Russian regions. This is in contrast to WNV infection caused by viruses with low pathogenicity which had circulated until about the mid-1990s in Europe, Africa, and Australia. The majority of WNV infections is asymptomatic or causes only mild symptoms such as fever and malaise. Age and immune status, e.g. iatrogenic immunosuppression, may influence the course of a WNV infection. Severe courses of disease are more frequently observed in the elderly. Patients who were immunosuppressed during chemotherapy or after transplantation frequently developed central nervous symptoms. Furthermore, it was also shown that the course of the disease in such patients was protracted. In one case, no immune response against WNV was detectable, and the patient was persistently infected for months [55] .
In Germany, there are reports of sporadic infections and diseases caused by WNV. Single travellers returning from the USA had been infected during their stay [98] . Bird ringers were investigated as it was assumed that they had a risk of infection when ringing migratory birds returning from areas potentially endemic for WNV in the spring. None of the ringers showed evidence of having been infected during banding activities in Germany [168] . However, it was shown that bird ringers who had also banded birds in Africa had developed WNV-neutralizing antibodies. But it is noteworthy that ringers working in TBE-or yellow fever-endemic areas are usually vaccinated against these viral diseases. To what extent vaccination against TBEV and YFV also induces protection against WNV infections or disease is unclear. Studies on the seroprevalence of blood donors suggest that only a few blood donors have antibodies against WNV, and none of the donors tested were WNV-RNA positive [169, 172] . Arbeitskreis Blut of blood donations for viral nucleic acid in minipools was introduced, starting at the end of June of 2003 [192] . Despite the introduction of NAT testing, a low number of WNV infections through donations was still observed. These donations had a viremia below the detection limit of NAT, especially if minipool testing was performed [193] [194] [195] . Therefore, the test algorithms were aligned in the following years to the particular actual local or regional epidemiological situation [196, 197] . In principle, minipools prepared from up to 16 donations were tested, but when the number of positive results increased, each donation was tested individually until the epidemiological situation permitted to return to minipool testing. A good correlation was shown between the analysis of epidemiological data on the incidence of WNV infection in the population as well as the results of the donation screening by PCR and the detection of virus-positive donations [198] .
Also in 2003, the screening of blood donations for WNV-RNA was introduced in Canada. Similar to the USA, the NAT is performed in minipools of six donations and in individual donations in regions with high WNV incidence [199, 200] .
Since September of 2010, Italy has implemented, in the framework of the National WNV Surveillance Plan, screening of all blood and plasma donations by NAT in areas where WNV is circulating, in the period from June 15 to November 15. Furthermore, all tissue and organ donations are tested by PCR in Italy [83] .
Frequency of Administration, Type, and Amount of Blood Products
In the USA, transmissions of WNV were reported through not inactivated blood products (red blood cells and platelet concentrates, fresh frozen plasma) but not through virus-inactivated blood components or plasma products [194, 195] . Up to now, no transmission of WNV through blood or blood products has been observed in Germany. Deferral of donors for 4 weeks after a febrile infection or for 28 days after returning from a region where WNV is endemic reduces the risk of virus transmission through transfusion.
Blood Products
Infectious Load of the Starting Material and Test Methods
There are several commercial NAT tests available for the detection of WNV-RNA. Studies on the virus load in blood and plasma donations were primarily achieved in the USA or performed on plasma of American origin. In viremic donations virus titers of about 6 × 10 5 genome equivalents/ml izing antibodies was proven in animal experiments as well as by treatment of WNV-infected patients [182] . It has to be further investigated to what extent humanized monoclonal antibodies with high neutralizing activity are suitable for the treatment of WNV infections. It is conceivable to administer mixtures of monoclonal antibodies with neutralizing capacity to prevent the selection of neutralization-resistant strains during therapy. A humanized monoclonal antibody directed against the viral surface protein E is in the phase I of clinical trial [183] .
Vaccines and Vaccine Development
Up to now, no vaccines are approved for prophylaxis in humans [reviewed in 184] . A chimeric live vaccine (containing prM and E of the US American isolate WN02) on the basis of a yellow fever vaccine virus (YFV-17D) has been investigated in clinical trial phases I and II and induced neutralizing antibodies as well as a T-cell response in vaccinees [185] [186] [187] . A DNA vaccine encoding prM and E induced a T-cell response and neutralizing antibodies and has successfully passed phase I [188] . Boosting of mice with purified DIII-domain protein fragments induced a high level of protection in mice against challenge with or exposure to infectious WNV [189] . In addition, formalin-inactivated virus particles are under development as vaccines [190] . Experimental studies on the protection of horses against disease caused by WNV lineage 2 have shown that the chimeric vaccine based on the Canary pox virus protects efficiently against a challenge infection with WNV lineage 2 [191] .
Prophylaxis
As currently no human vaccines are available, the only effective prophylaxis is to take preventive measures against mosquito bites in areas where WNV is endemic or where transmissions of WNV are being reported.
Transmissibility
WNV is usually transmitted by infected mosquitoes. In 2002 more than 23 WNV infections by blood components from donors who were asymptomatic at the time of blood donation were reported in the USA [102] . Therefore, testing tion steps of blood components or plasma products is done by determining infectious WNV by virus titration. In general, model viruses (viruses belonging to the same virus family) are used, as these viruses share comparable properties with the relevant viruses.
Assessment
So far only a few imported WNV infections have been reported in Germany. However, the epidemiological situation has changed since the mid-1990s in the Mediterranean basin, Russia and Romania, and especially in Hungary and Austria during the last 2 years. Therefore, increased attention must be paid to the spreading of WNV, especially as some WNV isolates seem to be highly pathogenic for humans and animals. Patients with etiologically unclear meningitis or encephalitis should be tested for the presence of a WNV infection. Encephalitis induced by other arboviruses as well as herpes encephalitis, Guillain-Barré syndrome and bacterial meningoencephalitis must be excluded by differential diagnostics.
To estimate the risk of WNV spreading in Germany, a multidisciplinary collaboration of entomologists, biologists (ornithologists), climatologists, veterinarians, and physicians in concerted long-term projects is required. Such projects can also generate additional information on the risk of introduction of other arthropod-borne pathogens.
The determination and population analysis of mosquito species and their distribution in Germany will allow an estimation of the risk of being bitten by those mosquitoes that can efficiently transmit WNV. As was shown in several studies, the propagation of WNV in mosquitoes is temperature-dependent. The higher the average daily temperature, the faster and the more efficiently the pathogen multiplies in the mosquitoes. As a consequence of appropriate climate changes, WNV can potentially become endemic in Germany if the pathogen is introduced for example by migratory birds. Central nervous system diseases in birds or horses may be indicators for WNV infections in animals. Investigation of suspected cases in animals and humans is possible with molecular, virological and serological methods. Human diseases that are compatible with the case definitions of a WNV infection (ECDC) should be clarified by appropriate detection methods.
Blood and plasma products that are manufactured using validated viral inactivation procedures are safe and do not transmit WNV. As demonstrated in the USA, WNV can be transmitted through non-inactivated blood components. Fever and neurological disorders after transfusion of non-inactivated blood components may be an indication of a transfusion-transmitted WNV infection. On the strength of past experiences, the use of NAT detection methods is able to reduce the risk of transmission by these products but cannot eliminate it completely. The optimization and validation of NAT methods for the detection of all WNV lineages circulatwere determined using quantitative PCR [192, 201] . Quantitative analyses of plasma pools prepared in the USA between 2003 and 2004 showed virus loads of up to approximately 10 3 genome equivalents/ml of plasma in individual pools [169] . After the introduction of WNV-NAT, plasma pools of blood donations from USA showed no measurable virus load [202] .
Methods for Removal and Inactivation of the Infectious Agent
To ensure the viral safety of plasma products, the production processes have been validated in numerous studies using relevant as well as model viruses. After the finding that WNV can be transmitted through blood and blood components, the production processes of plasma derivatives were investigated using WNV. It was demonstrated that in the validation studies WNV behaved comparable to other enveloped viruses belonging to the Flaviviridae used as model viruses for the validation of manufacturing processes (bovine viral diarrhea virus (BVDV) and TBEV) [40, 203, 204] . In inactivation studies, a reduction of the infectious virus titers by a factor of 10 4 was shown for WNV as well as for the model viruses. Due to the epidemiological situation in Germany, plasma from individual donations as well as pooled plasma preparations produced by the solvent/detergent (S/D) process are safe since WNV and other enveloped viruses are efficiently inactivated by S/D treatment [reviewed in 205] . Like many other viruses, WNV is rapidly inactivated in plasma by methylene blue photoinactivation [206] . The treatment of plasma or platelet preparations with amotosalen hydrochloride (psoralen, S-59) and UV light (intercept method) also inactivates a variety of pathogens including WNV [207] [208] [209] . Furthermore, it was shown that addition of riboflavin and UV light treatment (Mirasol method) leads to an effective reduction of a variety of pathogens in plasma and platelet concentrates [210] . Solheim [211] and Rock [212] reviewed the assessment of the safety and the therapeutic application of blood components manufactured by using various pathogen inactivation methods.
Feasibility and Validation of Procedures for Removal/ Inactivation of the Infectious Agent
WNV can be grown in cell cultures to sufficiently high titers. The determination of infectious virus particles is done using the plaque assay (determination of plaque-forming units) or the end-point titration (determination of the tissue culture infectious dose 50%, TCID 50 ). Blood components and plasma products can be experimentally contaminated with WNV from culture supernatant of infected cells. Validation of the elimination/inactivation capacity of the different produc-ing in Europe or other endemic regions are necessary regarding their specificity and sensitivity.
At present, deferral from blood donation after returning from travels to North America or other (tropical) endemic regions is implemented in Germany. In case there is a significant extension in the area of circulation, especially if WNV should spread to Germany, it might become necessary to screen donations with sensitive NAT comparable to the test strategies in the USA and Canada.
